A rapid and sensitive screening sandwich enzyme-linked immunosorbent assay (ELISA) was developed for the detection of staphylococcal enterotoxin B (SEB) in cheese by using a highly avid anti-SEB antibody (Ab) as the capture Ab (CAb) and as the biotinylated Ab conjugate. The glutaraldehyde fixation method for the immobilization of CAb on polystyrene dipsticks was superior to the adsorption fixation and the adsorptionglutaraldehyde fixation methods. The glutaraldehyde fixation method resulted in a higher surface-saturating CAb concentration as evaluated by the peroxidase saturation technique and by the ability of the CAb-coated dipstick to discriminate between positive and negative controls (index of discrimination). Of nine blocking agents used alone or in pairs, lysine-human serum albumin, bovine serum albumin, human serum albumin, and gelatin effectively saturated available sites on the CAb-coated dipsticks without causing interference with the antigen-Ab reactions. The addition of 1% polyethylene glycol to the diluent of the biotinylated anti-SEB Ab conjugate improved the detection of SEB. A concentration of 4% polyethylene glycol allowed a 5-min reaction time for the streptavidin-biotin-horseradish peroxidase conjugate. Cheddar cheese homogenate reduced the sensitivity of the SEB assay; however, the sensitivity was restored when 1.6% (wt/vol) of either a nonionic detergent (Mega-9) or two zwitterionic detergents (Zwittergent 3-10 and 3-12 detergent) was added to the diluent. By using the rapid sandwich ELISA, a minimum of 0.5 to 1.0 ng of SEB per ml was detected within 45 min. The whole procedure for the analysis of the cheddar cheese samples was completed within 1 h. This sandwich ELISA could be a rapid and sensitive screening method for the detection of staphylococcal enterotoxins in food for the agri-food industries.
Staphylococcal enterotoxins (SE) are one of the leading causes of bacterial food poisoning in Canada (36) . These toxins in the active state are resistant to both proteolytic enzymes, such as trypsin, chymotrypsin, rennin, and papain (2) , and high temperatures (boiling crude solutions for 30 min) (3) . They have been found in organic raw materials as well as pasteurized, cooked, or otherwise processed foods (25) . Rapid screening of SE for quality control in the food industry relies on rapid and sensitive methods.
Many enzyme immunoassay techniques have been described for the detection of SE in culture supernatants and in food samples (1, 9-11, 13, 18, 24, 26, 30, 32, 37-39) . The enzyme-linked immunosorbent assay (ELISA) is as efficient and sensitive as the radioimmunoassay but does not require the use of radioactive materials. Four types of ELISA were studied for their ability to detect SE in food samples (9) . Whereas the competitive ELISA showed a higher specificity and was not sensitive to protein A in food extracts, the sandwich ELISA with labeled antibody (Ab) gave the best overall performance.
Sandwich ELISAs are commonly performed by immobilizing a capture Ab (CAb) on plastic supports. The antigen (Ag) captured by the CAb support may be detected either by an enzyme-labeled Ab specific for the same determinant as the CAb or by an enzyme-labeled Ab recognizing a different epitope on the captured, multivalent Ag (4, 5) . Effective pairs of monoclonal Abs and polyclonal Abs can be used in the sandwich ELISA to detect SE (20, 34) . The performance of the ELISA depends on the apparent affinity (avidity) and specificity of the selected Ab.
This article describes the development of a sandwich ELISA to be used as a rapid screening assay for the detection of SE in food. By using avid polyclonal Abs to staphylococcal enterotoxin B (SEB) and a biotin-streptavidin amplification system, each major step of the analytical procedure (immobilization method of CAb, diluent for reagents, incubation period, and diluent for food preparation) was optimized and standardized to improve the sensitivity and the reaction rate of the test.
MATERIALS AND METHODS
SEB and Ab to SEB. SEB (Sigma Chemical Co., St. Louis, Mo.; lots 32F-4024 and 94F-4001) was used as the Ag. The preparation was rehydrated in sterile distilled water at a concentration of 1.5 mg of SEB per ml. Rabbit anti-SEB Ab containing the crude immunoglobulin fraction of antiserum was purchased from Sigma (lot 91F-40171).
Diluents. Phosphate-buffered saline (0.01 M sodium phosphate-0.15 M NaCl, pH 7.4) (PBS) containing 0.02% sodium azide (NaN3) and supplemented with 0.05% Tween 20, 0.1% bovine serum albumin (BSA), and 4% polyethylene glycol 6000 (PEG) was used as a general diluent. In some experiments, the concentration of PEG was varied. Physiological saline containing 0.9% NaCl, 0.05% Tween 20, and 0.01% NaN3 was used as a washing solution.
Biotinylated Abs. The anti-SEB Ab was biotinylated by use of the procedure of GIBCO-BRL (Burlington, Ontario, Canada). Biotin-N-hydroxysuccinimide ester (Bethesda Research Laboratories/Life Technologies, Inc., Gaithersburg, Md.; lot 51101) was dissolved to a concentration of 50 mg/ml Step 2 10 minutes Washing
Step 3 immobilization by using an unsaturating concentration of CAb (4 ,ug/ml), the dipsticks were incubated with the blocking agents for 2 h and washed three times. The capacity of the blocking agents to saturate the Ab-free sites on CAbcoated dipsticks was evaluated by the peroxidase saturation technique. The rapid sandwich ELISA with the blocked Index of discrimination. To evaluate the immunoreactivity of the CAb-coated dipsticks in the rapid sandwich ELISA, we used a discrimination index defined as follows: (OD490 of positive control -OD490 of negative control)/OD490 of negative control x 100 = %. RESULTS Selection of Abs. The anti-SEB Ab used in this study was selected for its high avidity for SEB. The anti-SEB Ab ELISA titer of the crude immunoglobulin fraction was 409,600 at the endpoint of negative control, when incubated for a 5-min period with SEB-coated dipsticks and a dilution of the protein A-horseradish peroxidase conjugate (21) .
Selection of a method to immobilize the CAb. Three immobilization methods, adsorption fixation, adsorption-glutaraldehyde fixation, and glutaraldehyde fixation, were compared for their ability to bind CAb to polystyrene dipsticks under saturating conditions and for the efficiency of the resulting CAb-coated dipsticks to discriminate between negative and positive controls. After the immobilization of CAb, residual free sites were evaluated by the peroxidase saturation technique. In this technique, the OD value is directly proportional to the available binding sites on support. Accordingly, the OD values decreased as the CAb concentration increased, and regression lines for the rapidly decreasing OD readings and for the slowly decreasing (near-constant) OD readings were calculated (Fig. 2) . By using the glutaraldehyde fixation method, the surface-saturating CAb concentration was evaluated as the intersection point between both regression lines (22) , i.e., 11 ,ug/ml. The adsorption fixation and adsorption-glutaraldehyde fixation methods demonstrated a surface-saturating CAb concentration of approximately 5 ,ug/ml, a twofold decrease compared with the concentration demonstrated by the glutaraldehyde fixation method. The ability to discriminate between positive and negative controls with the CAb-coated dipsticks obtained from the glutaraldehyde fixation method is represented in Fig. 3 and 4 . A maximum immunoreactivity was observed at about 10 jig of CAb per ml. Results expressed as the index of discrimination allow visualization of the surface-saturating CAb concentration where the OD value of the positive control is increased while the OD value of the negative control remains low. The index of discrimination for the adsorption fixation and the adsorption-glutaraldehyde fixation methods was at best 94 and 265%, respectively, at a concentration of 5 ,ug of CAb per ml. The adsorptionglutaraldehyde fixation and the glutaraldehyde fixation methods gave good discrimination at their surface-saturating CAb concentration; however, the glutaraldehyde fixation method was preferred because of its higher index of discrimination and its higher surface-saturating CAb concentration. How- ever, when this latter method was used with the suggested blocking agent, lysine (35) , interference was observed on the detection of SEB ( Fig. 3 and 4) .
Selection of a blocking agent. Preliminary tests were conducted with a series of nine blocking agents used alone or in pairs and with dipsticks coated with 4 jig of anti-SEB Ab per ml (undersaturating CAb concentration). Table 3 shows the capacity of the four best blocking agents to inhibit the binding of the peroxidase and their influence over the immunoreactivity of the CAb-coated dipsticks in the rapid sandwich ELISA. The index of discrimination of the CAbcoated dipsticks blocked with those agents was similar to the one obtained with the unblocked controls, indicating that their effect is not detrimental to the immunological reaction in undersaturating conditions. The following other blocking agents gave either a high OD reading with the peroxidase saturation technique (do not saturate available sites) or poor index of discrimination (interfere with the further reactions): lysine, lysine-organosilane, lysine-BSA, lysine-glycine, glycine, glycine-organosilane, glycine-human serum albumin, peptone, peptone-lysine, peptone-glycine, and whole rabbit serum. At the optimal coating CAb concentration (11 ,ug of anti-SEB Ab per ml), the effect of the four best blocking agents was maintained. Because of its high index of discrimination and its low OD value for negative control, gelatin was selected as the best blocking agent for high dilutions of biotinylated anti-SEB Ab.
Selection of the incubation periods. Minimal incubation periods were selected to detect the critical enterotoxin concentration (100 ng of SE per 100 g of food or 0.5 ng of SE per ml of food homogenate) assuming a dilution factor of 2. This minimum concentration was detected when the period of incubation of CAb-coated dipstick with the SEB-containing sample was longer than 10 min; for an incubation time of 20 min, the minimal detection limit is around 0.5 ng of SEB per ml (Table 4 ). This period of incubation can be increased when the dilution factor is higher than 2.
Effect of PEG on immune reaction. The addition of 0.5 to 4% PEG to the diluent of biotinylated anti-SEB Ab resulted in elevated background OD readings for concentrations above 1% (Fig. 5) . Because PEG improved the detection of the positive control, a concentration of 1% was selected for the supplementation of the biotinylated anti-SEB Ab diluent. Varying the PEG concentration in the sample diluent did not affect the discrimination between positive and negative controls, while addition of 4% PEG was required to obtain a reaction with the streptavidin-biotin-horseradish peroxidase complex in a 5-min incubation period (results not shown).
Selection of detergents for food homogenates. Of 14 detergents tested for their ability to solubilize milk fat, only 3 were able to restore the OD readings necessary for the detection of SEB in cheddar cheese homogenate (higher than 0.4) ( Table 5 ). The other detergents gave OD values equal to or greater (up to 0.3) than that of the control cheese-no detergent sample. Because of the viscosity of the cheese homogenate, a dilution factor of 3 was required for the homogenization, bringing the probable final concentration of SEB in the liquid phase of the homogenate to approximately 66 ng/ml. The OD readings obtained with a 1.6% (wt/vol) solution of these three best detergents correspond approximately to two-thirds of the OD readings obtained with the positive controls (no cheese-no detergent) and containing 100 ng of SEB per ml. Mega-9 and Zwittergent 3-10 and 3-12 detergents were successful in eliminating the nonspecific reactions with the CAb-coated dipstick.
DISCUSSION
The reactivity of Abs against immobilized and/or soluble Ags is of primary importance in the development of rapid immunochemical tests for the food industry. In this work, a rapid sandwich ELISA was developed on the basis of the high reactivity of an anti-SEB Ab. This Ab gave higher reactivity toward the immobilized Ag than toward the soluble Ag (results not shown). The selection of this avid anti-SEB Ab and the optimization of the rapid sandwich ELISA procedure allowed the detection of 0.5 ng of SEB per ml within 45 min.
Immobilization of CAb. Most proteins adsorb to plastic surfaces very likely through hydrophobic interactions rather than covalent binding. Adsorbed proteins may undergo denaturation and lose immunological activity (8) . Adsorption of proteins to polystyrene is concentration dependent up to a saturation limit and can result in substantial loss of antigenic or Ab activity. Desorption is also observed at a steady rate and can negatively influence the performance of the immunoassay (4).
Since desorption rates as high as 40% were observed with Ab adsorbed to plastic in the presence of serum samples (7), food samples are likely to show major variations due to their highly complex nature (protein and fat composition and concentration and various other compounds).
To standardize and optimize the immunoreactivity of the immobilized Abs, a conventional adsorption fixation method and two glutaraldehyde fixation procedures were evaluated. A higher concentration of CAbs was immobilized on polystyrene dipsticks by glutaraldehyde pretreatment than by conventional adsorption or combined adsorption-glutaraldehyde fixation procedures. Dobbins Place and Schroeder (7) reported that the glutaraldehyde pretreatment improved Ab retention on polystyrene.
The Ag capture capacity of the immobilized Ab is critical for the performance of the assay (5) . In this study, the immobilization of anti-SEB Ab on dipsticks was improved through glutaraldehyde fixation, but no attempts were made to measure concentrations of immobilized Abs nor to estimate adsorption and desorption phenomena.
PEG supplementation. The enhancing effect of polymers on immunological precipitation reactions has been reported Katnik et al. (17) with no loss in either sensitivity or accuracy.
In our assay, the addition of 4% PEG to the diluent of biotinylated anti-SEB Ab increased the background OD values, and no evidence could be obtained that concentrations higher than 1% could improve the sensitivity of the detection of SEB.
Effect of detergents. The extraction and concentration of SE from the food sample is an essential and laborious step in any enzyme immunoassay (9, 11, 19, 23, 37) . Since foods are complex systems where hydrophobic interactions are common (lipid-lipid, protein-protein, lipid-protein), detergents are likely to help minimize interference by these constituents reacting with the immunoreagents. Nonionic detergents can thus be added to prevent hydrophobic interactions between added proteins and the solid phase but without disrupting the fixation of the Ag or Ab previously adsorbed to plastic surfaces (6) .
The concentration of detergent needed to overcome hydrophobic interactions in aqueous systems depends on the critical micellar concentration, the micelle size, the temperature, the nature of the system, and the detergent (14) . In aqueous solutions, detergent molecules occur in the form of monomers and micelles. The micelles are fairly monodisperse compact aggregates where apolar groups are sequestered in the center and polar groups face outward.
The major extraction problem that was observed in our test system was the adhesion of fatty material to the CAbcoated dipsticks. After testing a full range of detergents (Table 1) , one nonionic (Mega-9), and two zwitterionic (Zwittergent 3-10 and 3-12 detergents) detergents were shown to restore the Ag-Ab reaction at the level of the positive control in the absence of cheese and detergents. Further studies need to be undertaken with other foods to establish optimum detergent concentrations to be used to maximize the sensitivity of the test.
Sensitivity. The double-antibody sandwich ELISA developed by Freed et al. (11) allowed the detection of less than 1 ng of SE per g of sample in several types of foods. The detection procedure could be completed within 3.5 h and necessitated at least 45 min of food preparation. By using this sandwich ELISA and two highly effective murine monoclonal Abs, Thompson et al. (34) found that the monoclonal and the polyclonal Ab system compared favorably in the detection of 1.0 ng of SE per ml. Lapeyre et al. (20) developed an indirect double sandwich ELISA by using a pair of Abs (monospecific monoclonal Ab as the CAb and polyspecific rabbit Abs as the detection system) to detect 1 ng of SE per ml within 3 h.
The rapid sandwich ELISA that is described in this work 
